Despite the wide recognition of the inverse association between socioeconomic position (SEP) and suicidal behaviors, its underlying process and potential mediators are little known. This study investigated the pathway from SEP to suicide attempts with attention to potential mediators.
Introduction
Suicide has been a priority public health issue in South Korea (hereafter referred to as Korea) and in the world. The suicide rate in Korea has increased at an unprecedented rate during the past 2 decades, and Korea has had the highest suicide rate of Organization for Economic Co-operation and Development (OECD) countries since 2003. In Korea, improving fragmented and insufficient mental health services has been a central interest as a prevention target, but involving multiple pathways has not yet materialized. Indeed, a range of risk factors involved in the progression of suicidal behaviors includes individual (e.g., demographic characteristics, adverse life events, mental, and physical health problem), social (e.g., unemployment rate, economic recession, or boom) and cultural (e.g., family value and religious tradition) factors. [1, 2] Among these factors, socioeconomic factors primarily measured by income level, educational attainment, and occupational status have been principal predictors of suicidal behavior and a higher risk of suicidal behavior has been observed among those with a lower socioeconomic position (SEP), both worldwide [3, 4] and in Korea. [1, 5] This evidence is consistent with the extensive literatures on inequalities in health, [6] [7] [8] [9] [10] [11] and more generally in areas of economics, education, and other domains. [12] Despite the widespread recognition of the inverse association between SEP and suicidal behaviors, little is known about the underlying process, particularly the indirect path through the mediation. Although SEP can affect suicidal behavior both directly and indirectly, previous studies have mostly focused on its direct impact. Thus, uncertainty remains about the simultaneous direct and indirect influence of SEP and the degree to which the link between SEP and suicidal behavior is attributable to mediators.
It is well known that mental health problem is an important independent risk factor of suicidal behaviors. [13] Furthermore, mental health problem indirectly plays a mediating role in the pathway to suicidal behavior. [14] Likewise, according to previous studies, physical illness is an independent risk factor for suicidality, even after adjusting for mental health problems. [15, 16] However, evidence on the role of physical illness as a mediator between predisposing factors including SEP and suicidal behaviors remains unavailable, despite the common explanation that SEP affects health indirectly through psychosocial, behavioral, and biomedical factors. [17] Additionally, firm foundation on the role of physical illness is an urgent issue, given that a growing number of people will live with multiple health problems for their lives, as the aged population and survival gains rapidly increase. In the current study, the process of linking SEP to suicidal behavior was further differentiated into direct and indirect pathways by examining 3 mediating factors (i.e. mental and physical health problems and problem drinking) concurrently. Furthermore, to gain a more detailed understanding, 3 SEP indices were used, because each SEP measure accounts for distinct aspects of socioeconomic condition. Structural equation modeling (SEM) was used to assess the magnitude of each detailed relationship and the fitness of the complex pathway.
Socioeconomic factors carry particular significance in the epidemic of suicide in the Korean context. For example, old people in Korea are leading the epidemic with incomparably high suicidal rates across all age subgroups. Then again, they are experiencing the highest rate of old age poverty among OECD countries.
[18] Along with such financial stress, multiple chronic illnesses, which are common phenomena among the elderly, are major threats to the disruption of livelihood. These elements may constitute a crisis, particularly when combined with the insufficiency of national public spending, such as with respect to public transfer to the elderly and health insurance coverage. This finding suggests that suicide may not result from a single, separate cause, but may need to be understood as an outcome of interrelated process involving several mediators, such as physical illness.
This study was performed to investigate the pathway linking SEP to suicide behavior (suicide attempts), with a particular focus on potential mediators, including mental and physical health problems. Using data from a nationwide representative health survey, our goals were to ascertain direct effects of SEP measures such as educational attainment, household income, and occupational group on suicide attempts and to assess the mediating effects of mental and physical health problems, and problematic drinking on the association between SEP and suicide attempts.
Materials and methods

Structural model
We created the structural model shown in Figure 1 and developed the following assumptions, based on evidence from relevant studies: Assumption 1: Suicide attempts are directly or indirectly affected by sociodemographic characteristics (e.g., SEP, age, and sex), physical illness (stroke, myocardial infarction (MI) or angina, arthritis, asthma, and cancer), anxious or depressed mood, and degree of problem drinking. [19] [20] [21] [22] Assumption 2: Sociodemographic characteristics affect physical illness, anxious or depressed mood, and degree of problem drinking. [23] [24] [25] Assumption 3: Physical illness affects anxious or depressed mood. [20] Assumption 4: Anxious or depressed mood affects degree of problem drinking. [19] 
Study sample
Participants were selected from data of 7 years (2007-2013) of the Korean National Health and Nutrition Examination Survey (KNHANES), which is a nationwide cross-sectional survey of the health and nutritional status of noninstitutionalized Korean people. This survey used stratified, multistage probability sampling design based on geographic area, age, and sex for the selection of household units. Data of the survey were collected through 3 types of survey methods; a health interview, health examination, and nutritional survey. We limited the sample to those aged ≥ 30 years, because the status of education and occupation of some early career younger individuals are still changing. Among the 38,503 participants aged ≥ 30 years, 35,346 participants (91.8%) answered the question about suicide attempts. In the final analysis, total 34,565 participants were included after excluding the 3157 and the 781 participants who did not answer either to the question about suicide attempts or to independent variables. This study was approved by the Institutional Review Board of Eulji University, Korea (EUIRB2016-59).
Measurement
Suicide attempts were measured by responses ("yes" or "no") to the following question, "Have you ever attempted suicide in the last 12 months?" Socioeconomic variables included educational attainment (primary school, middle school, high school, or university); occupational group (not employed, physical work, service/sales work, or manager/office work); and level of household income (low, mid-low, mid-high, or high). Household income was calculated as total monthly household income divided by the square root of the family size, and categorized into the quartiles according to age and sex in each year of the survey.
We selected several physical illnesses associated with suicidality, including stroke, myocardial infarction/angina, osteoarthritis/rheumatic arthritis, asthma, and cancer [26] [27] [28] [29] [30] and assessed their current prevalence. For example, stroke was measured by responses ("yes" or "no") to the following question, "Do you currently suffer from stroke?" The degree of problem drinking was measured according to the Korean version of the Alcohol Use Disorders Identification Test (AUDIT), which is a brief screening tool for hazardous drinking. [31] Problem drinking was categorized by AUDIT-K Scores into none or low (0-7), medium (8) (9) (10) (11) (12) (13) (14) (15) , high (16) (17) (18) (19) , and very high , as recommended by the World Health Organization. [32] The level of problem drinking was used for the analysis, except for the SEM, in which the AUDIT score itself was included. Anxious or depressed mood was assessed by a question included in the EuroQol 5-dimensional questionnaire. Respondents were asked to choose one among the following 3 options: not/moderately/extremely anxious or depressed.
Statistical analysis
Differences in the prevalence of suicide attempts according to sociodemographic characteristics, physical illness, anxious or depressed mood, and degree of problem drinking were assessed using the chi-square test. The chi-square test was conducted using SPSS version 24 (IBM, Chicago, IL).
SEM was performed using MPlus 7.4 (Muthen and Muthen, 2015) to examine the direct and indirect effects of SEP on suicide attempts while considering physical illness, anxious or depressed mood, and problem drinking as mediators. We used the weighted least square mean and variance method, which weighs the error of categorical variables, and the theta parameterization method, which uses residual variances, because the model included binary covariates. [33] The pairwise deletion method was used to handle missing data in dependent variables, as this method allows incomplete data to be used, but observations with a missing value in independent variables were excluded from the analysis (n = 781, 2.0%). Comparative fit index (CFI), Tucker-Lewis index (TLI), root mean square error of approximation (RMSEA), and chi-square test were used to assess the SEM's data fitness. Bootstrapping was used to obtain for the parameter estimates and confidence interval for the indirect effects of socioeconomic and mediating variables on suicide attempts. Results from weighted and unweighted analysis were similar and we presented unweighted results here.
Results
The median and range of age among the 34,565 participants were 52 and 30-101 years, respectively; 57.7% of participants were female. The annual prevalence of suicide attempts was 0.9% (n = 315). With the exception of sex, all variables related to sociodemographic characteristics, physical illness, anxious or depressed mood, and problem drinking were significantly associated with the prevalence of suicide attempts ( Table 1) . As the level of education and occupation (in the following order: management/office work, service/sales, physical work, and not employed), and household income increased, the prevalence of suicide attempts decreased significantly. In general, the prevalence gradually increased, as the degree of problem drinking increased to very high level (Table 1) . Figure 1 shows the standardized coefficients and the statistical significance of the pathway estimated in the SEM. The SEM model fit was considered good based on former 3 indices (RMSEA = 0.023, CFI = 0.931, and TLI = 0.873), though the chisquare estimates were not satisfactory (X 2 = 12179.6, df = 84). This decision was made, because the chi-square test tends to reject the null hypothesis too frequently if the sample size is large. [34] Low levels of educational attainment (b=À0.158, P < .01) and household income (b=À0.106, P < .01), and manager or office work (b=0.195, P = .02) and nonemployment (b=0.212, P < .01) were significantly associated with a higher prevalence of suicide attempts. In general, the pathway linking educational attainment to suicide attempts was mainly mediated through physical illness and problem drinking, whereas the pathway from level of household income to suicide attempts were mainly mediated through anxious or depressed mood and problem drinking. Compared to manual work, nonemployment had a significant indirect effect on suicide attempts, mainly through anxious or com depressed mood and problem drinking. Also, direct effects of all 3 mediators showed statistical significance; anxious or depressed mood, physical illness, and degree of problem drinking. Among socioeconomic variables, nonemployment compared to manual work showed the largest total effect (b=0.291, P < .01) on suicide attempts. Among all independent variables, including socioeconomic factors and mediators, physical illness had the greatest total effect on suicide attempts (b=0.472, P < .01). Physical illness showed the largest direct effect (b=0.279, P = .02) following anxious or depressed mood; it also showed the largest indirect effect (b=0.192, P < .01) among all independent variables (Table 2, 3).
Discussion and conclusions
In this nation-wide cross-sectional study, significant direct and indirect effects were consistently observed across socioeconomic variables, including educational attainment, household income, and occupational group. The current study found differences in the mediating factors in linking the impacts of socioeconomic variables on suicide attempt: the effect of educational attainment was primarily mediated by physical illness and problem drinking, whereas household income and occupational group were mainly mediated by anxious or depressive mood and problem drinking. Additionally, physical illness plays a major role in explaining suicide attempts, compared to mental health problem ( Table 2) . 
Comparison with previous studies
Consistent with the previous studies, [35, 36] we observed significant direct effects of SEP on suicide attempts, providing support to the hypothesis that low SEP directly increases the risk of suicide attempts without going through mediators. Given the strongest association between nonemployment status and suicide attempts, this finding may be partly attributed to work and employmentrelated factors such as job insecurity and job stressors [37] in rapidly industrializing East Asian societies, where the relative contribution of socioeconomic factors to suicide is more substantial, compared to Western countries. [38] The working environment in Korea has become increasingly competitive and workers marginalized to performing peripheral labour or detached from the labour market experience a reduced chance of re-entry into the labor force. Similarly, those with low income find it difficult to establish a secure standard of living, as income gap between rich and poor increases. [39] These socioeconomic hardships, along with a low level education, are likely to exhaust resources to cope with stressors [40] and increase the risk of suicidal behavior.
The current study also showed significant indirect effects of SEP on suicide attempts, though these were relatively smaller than the direct effects. This finding suggests that SEP poses an increased risk of unhealthy behavior (e.g., drinking and smoking) and unfavorable health outcomes (e.g., mental and physical illness), all of which are in turn related to suicide attempts. This accords with the life-course perspective, which holds that SEP does not act alone but works in multiple ways through numerous indirect pathways in the course of accumulation of adversity, leading to further declines in SEP and health. Likewise, this study supports the notion that the effects of early disadvantage, including lower SEP, precede and may be amplified by mediating events, such as physical and mental illness that serve as additional risk factors for later suicide.
The strengths of the associations between SEP and suicide attempts differed by measures and nonemployment status had the largest total and direct effects, while educational attainment had the largest indirect effect. In addition, our finding suggests that, in mediating socioeconomic influences to suicidal attempts, the Table 2 Direct and indirect effects of socioeconomic and mediating variables on suicide attempts from the structural equation modeling analysis.
Direct and indirect effects
Total effects Table 3 Indirect effects of independent variables through mediators on suicide attempts from the structural equation modeling analysis. (Note: Each indirect effect of independent variables on suicide attempts through respective mediator is presented. For example, indirect effects of education attainment on suicide attempts via physical illness and through the pathway of education attainment → physical illness → anxious or depressive mood → suicide attempts were À0.072 (P = .02) and À0.049 (P<.01), respectively. ADM = anxious or depressed mood, PI = physical illness, PD = problem drinking).
Indirect effects through mediators
Ki et al. Medicine (2017) 96:51 www.md-journal.com relative contribution of involving mediators also differed and educational attainment was more attributed to biomedical (e.g., physical illness) and behavioral (e.g., problem drinking) pathway, while household income and occupational group were more attributed to psychosocial (e.g., mental health problem) and behavioral (e.g., problem drinking) pathway. Previous studies, including a review, mostly supported the inverse associations linking nonemployment to suicide attempts and suicides, but they were inconsistent with regard to the strength of association. In general, the differences in findings can be explained by the way of identification of subtypes of employment status. As shown in the current study, the effect size became larger, when the dichotomy between employed and nonemployed was further refined; for example, when unemployment was defined as those who are actively seeking a job, [41] or when specific types of employment, such as part-time job or precarious work were differentiated. [42] The differences in the magnitude of the association were also related to other factors, such as duration of unemployment (increases until 5 years), [43] availability of unemployment benefits, and economic fluctuations. [44] The stronger indirect effects of educational attainment may arise because of time gap between the completion of one's education, which typically occurs in early adulthood, and later suicide attempts. Why the effect size of household income is smaller than that of unemployment or education, is not entirely clear. One explanation is that household income may not accurately represent material status and fail to capture socioeconomic variation in this population, particularly among older people, because of the insufficiency of information on diverse income sources. [45] If under-reporting of income sources was more associated with the respondents with higher income level, this may have resulted in underestimation of the effect size.
Our study adds supports to the recent evidence that physical illness plays a major role as a mediator of the association between SEP and suicide attempts. One study that considered the prevalence of overall physical illness, rather than an individual illness found that a quarter of all suicides were attributed to the occurrence of physical illnesses. [46] Our finding regarding the total effects of multiple and overall physical illnesses complements and extends previous researches that focused on the effects of an individual physical illness on suicidal behavior, in which results have been mixed and sometimes reported absent or opposite associations for diseases such as diabetes and breast cancer. [47] This finding may be relevant to the Korean context, where, those, particularly older people, who suffer multiple physical illnesses, are frequently the most socioeconomically vulnerable group and thus are possibly directed to suicide without referring to mental health services. The policy implication of this finding underscore the importance of a balanced and comprehensive approach, targeting both the high risk population having mental health problems with low prevalence and also general population having physical illness and lower SEP with relatively high prevalence, as suggested by an earlier review.
In conclusion, both the direct and indirect effects of SEP on suicide attempts were significant, but the former was larger than the latter. Physical illness played a major role in explaining suicide attempts, compared to mental health problem and problem drinking. This carries particular policy implication to the suicide prevention program in Korea, which is fragmented largely around high risk group with mental health problem. The Korean suicide prevention program needs to be widened to encompass population with general problems such as physical illness and lower SEP, consistent with the traditional [48, 49] and recent public health perspectives. [50, 51] 
Methodological strengths and limitations
This study had some limitations. First, the ability to draw causal inferences from our results is limited due to the cross-sectional nature of the study and explanations relying on reverse causation are also possible, in which physical or mental health problems can cause low SEP. For example, some of not employed respondents may have decided early retirement because of long-term illnesses. As such, the association might be in part, the result of illness, but this influence may not have been strong enough to change the direction of the association. One advantage of measuring educational attainment is related to the fact that education is completed by early adulthood. As a consequence, reverse causation may be less likely to intervene the association. The second limitation concerns the lack of available data. Suicide attempts instead of completed suicide were used as a main outcome, because the former were not observed. Thus, our results may have underestimated the actual association between SEP and suicide, as the effect of SEP on completed suicide would be expected to be higher than that on suicide attempts. [1] Similarly, we examined a limited range of mediating factors, and the role of mental disorders were not fully assessed due to a lack of available information in the KNHANES. Additional studies that cover a complete suicide and a wide range of mediating variables would be important for developing more accurate estimates of associations.
A major strength of this study is that the association between SEP and suicidal behavior was further clarified by examining both direct and indirect pathways and 3 mediating factors concurrently. The use of 3 SEP measures may help to extend the span of conceptual domain of each SEP indicator. This is the first study to undertake a detailed examination of the mediating variables, including physical illness, related to suicide attempts in the context of 3 SEP indicators using nationally representative data.
